Abstract: In this study, an epoxy (bisphenol-A type) was selected as a reactive compatibilizer for enhancing the compatibility of immiscible blends of polyamide6(PA6) and poly(ethylene terephthalate)(PET). These blends possess highly desirable qualities, such as low cost and increased moisture absorption, and can be used to construct practical polymer alloys. Using epoxy as a reactive compatibilizing agent, the compatible blends of PA6/PET/epoxy were successfully prepared through melt compounding using a twin-screw extruder. The domain size of PET decreased by a factor of two in the PA6 matrix with the epoxy. The effect of the epoxy on the melt viscosity, crystallization, and tensile properties of the blends indicates that the high-molecular weight epoxy can be an effective compatibilizer in PA6/PET blends.
Introduction
Polymer blend is an effective way to make useful materials if synergistic effect is expected. For the application of polymer blends in the field of fiber where mechanical properties have significance, miscibility or compatibility of blends is one of the basic requirements [1−4] . For controlling of phase separation to obtain desired morphology and performance, compatibilzation technique is generally used. Compatibilization is a process of modification of the interfacial properties in immiscible polymer blend, resulting in reduction of the interfacial tension coefficient, formation and stabilization of the desired morphology. Thus, the compatibilization is an essential process that converts a mixture of polymers into an alloy that has the desired set of performance characteristics [5−7] .
Poly(ethylene terephthalate) (PET) is widely applied in the fields of fiber, film, and bottle. Consequently, the amount of post-consumer PET present in urban solid waste is high and has to be managed. On the other hand, polyamide 6 (PA6) is used as engineering plastic for various automotive industries and other applications as well as fiber. PET and PA6 have their own advantage for application as synthetic fiber such as lower cost and higher thermal properties by PET and higher moisture absorption by PA6, respectively [8, 9] .
However, PET and PA6 are unfortunately incompatible each other. Therefore, significant improvement of compatibility in PET/PA6 blends is essential to obtain fibers having enough mechanical properties as well as the synergistic effect. There have been many trials to enhance compatibility of the blends consisting of polyesters and polyamides. The dominant method of compatibilization is to introduce specific chemical reaction between two polymeric components by a chemical compatilizer during mechanical blending.
Qu et al. [10] added ethylene-(maleic anhydride) terpolymer (E-AE-MA) to PET/PA6 blends as a toughening agent. A core-shell microsturcture, with PA6 as a hard core and E-AD-MA as a soft shell, could be formatted. Huang et al. [11] used a low molecular weight epoxy resin-E44 as a reactive compatibilizer to improve the compatibility of PET/PA6 blends and to study its effect on the morphology and properties of poly(butylene terephthalate)(PBT)/PA6 blends. They found the mechanical properties of PBT/PA6 blends improved greatly on adding a small amount of epoxy resin E-44. Qu et al. [12] applied a kind of hydrophilic nano-SiO 2 to PET/PA6 blends. Increased impact strength, tensile strength, and modulus were observed by adding nano-SiO 2 particles in the blends.
In this article, a bisphenol-A type epoxy resin having high molecular weight was selected as a reactive compatibilizer to improve the miscibility of PA6/PET blends. It was expected that forming of PA6-epoxy-PET reaction would anchor at the interface of PA6 and PET to improve the interfacial † Correspondence to Byung Gil Min (bgmin@kumoh. adhesion. The compatibilizing effect of epoxy was investigated in morphology, thermal properties, melt viscosity and mechanical properties.
Experimental

Materials
The PET (A9056, intrinsic viscosity: 0.82 dl/g), PA6 (D24, Viscosity Index: 120 ml/g in 90% formic acid) were provided by Woongjin Chemical Co. (Korea) and Rhodia Polyamide Co. (Korea), respectively. Epoxy resin (YD-019K) were provided by Kukdo Chemical Co. (Korea). The epoxy is a high molecular weight resin [EEW (g/eq) 3,100], as represented in Figure 1 and Table 1 . Sodium hydroxide and ethyl alcohol were purchased from Daejung Chemicals & Metals Co. (Korea).
Preparation of the Blends
Before the components were melt-compounded, they were all dried under vacuum at 80 o C for 24 hr. The powdery epoxy and both types of polymer chips were premixed using a programmable ball mill (Daihan Scientific Co., Korea), so that epoxy would homogeneously adhere to the surface of the polymer chips. The blend ratio of PA6/PET was fixed at 90/10 (w/w), 75/25 (w/w) and 60/40 (w/w), and the epoxy contents in the mixtures were controlled to be 0, 0.5, 1 and 2 phr. The premixtures were then melt-compounded using a co-rotating twin-screw extruder (BK-11, Bowtek Co., Korea). The screw length and diameter of the extruder were 440 and 11 mm, respectively. The temperature profile for the extruder from Zone 1 (hopper) to Zone 6 was controlled in the range 180-220-240-260-270-280 o C for Zones 1-2-3-4-5-6, respectively. The extruded strands were cooled in a water bath, chopped into pellets, and dried under vacuum at 80 o C for 24 h. The pellets were injection molded using an injection molded machine (Dongsin Mechnics Co., Korea) to make specimens for tensile tests by ASTM D-638 type IV(1.8 mm thick).
Characterization
The morphologies of the blend and the nanocomposites were observed using scanning electron microscopy (SEM, JSM-6380LV, JEOL). Before SEM observation, the extruded strands were cryofractured using liquid nitrogen followed by selective etching of PET by immersing the specimens in aqueous NaOH (10 wt%) at 110 o C for 30 min. Image analysis on the obtained SEM micrographs was performed using Image-Pro Plus software for determining average size and the size count of the dispersed droplets.
The thermal behavior of the blends was investigated using a differential scanning calorimeter (DSC, Model: Diamond DSC, Perkin Elmer, Inc.). All DSC measurements were performed under a nitrogen gas flow and an empty aluminum pan was used as a reference. The samples were rapidly heated to 280 
Results and Discussion
Effect of Epoxy on the Morphology of PA6/PET Blends
Melt blended immiscible polymer blends possess complicated morphologies depending on interfacial tension, viscosity ratio, blend constituents, volume fraction, and processing conditions. The most convenient approach to differentiate the morphologies between compatibilized and uncompatibilized blends is by comparing their transmission SEM or TEM micrographs. An incompatibile blend with higher interfacial tension usually results in coarser domains than the corresponding compatibilized blend. Finer phase domains imply better compatibilization of the blend that has been well recognized.
As shown in Figure 2 , it can be seen that PET phase is dispersed as spherical shape in PA6 rich blends. To observe the morphological change of PA6/PET blends resulted from the addition of epoxy resin, SEM was carried out of cryofractured specimens. In order to observe the phase separation clearly, PET phase were etched out as explained in the experimental section. Comparing with the state of PET dispersion in uncompatibilized PA6/PET 75/25 blends, the addition of 2 phr epoxy resulted in significant decrease of PET domain size. The sizes of the PET domains reduced from 0.43 µm to 0.24 µm in PA6/PET 75/25 by compatibilizing effect of epoxy. Moreover, the domain size distribution of compatibilized blend was found narrower than that of uncompatibilized blend. Figure 3(a) shows the change of the average domain size of PET in PA6/PET=75/25 blends according to the amounts of epoxy. The domain size of PET in PA6 matrix was decreased quickly at epoxy amount less than 1 phr, but little effect above that amount of epoxy. Figure 3(b) presents the change of the average domain size of PET in PA6/PET blends according to PET compositions. Epoxy could decrease the PET domain size in the blends but the domain size increased with increasing of PET amount.
The increased PET dispersion and reduced domain sizes are due to the in situ generation of the grafted copolymer at interface during melt-blending. It's known that functional groups of low molecular weight epoxy can easily react with the end group of polyamide and polyester [5, 6] .
From the results of the above morphological information, it can be concluded that the high molecular epoxy can play as a role of reactive compatibilizer in PET/PA6 blends by reducing the interfacial tension at the melt and the resultant domain size.
Effect of Epoxy on the Crystallization
Behavior of PA6/PET Blends DSC thermograms were obtained to examine the effect of epoxy on thermal behavior of PA6/PET blends. The crystallization thermograms of the PET and PA6 are demonstrated in Figure 4 . It is observed that the melt crstallization temperature (T c ) of PA6, rich component, with 2 phr epoxy are lower than that of the pure PA6. On the other hand, T c of PET, minor component was hardly observed in the blends. It is clearly seen in Figure 4 that the T c of PA6 in blends lowered with increasing of epoxy amount. That means the crystallization of the PA6 in the blends were retarded by anchoring effect of epoxy by forming PA6-epoxy-PET. Moreover, the crystallinity of PA6 was found somewhat reduced.
Thus, it is presumed that the epoxy affects on the crystallization behavior of polymers in blends by reactive compatibilization between epoxy groups and end groups of polymers.
Isothermal crystallization behavior of the blends with or without epoxy was investigated. Figure 5 The relative degree of crystallinity at time t, X(t), is defined as follows [13] :
Where, dH/dt is the rate of heat evolution; ∆H t is the heat generated at time t; ∆H ∞ is the total heat generated up to the end of the crystallization process. Figure 5(b) shows the relative crystallinity at different epoxy amount in isothermal crystallization. It can be seen that characteristic sigmoid isotherms shift to the right with increasing epoxy amount implying the crystallization rate becomes slower. Figure 6 is the plot of the half-time of crystallization (t 1/2 ) defined as the time at which X(t) is 50%. As the longer the t 1/2 the slower the crystallization rate, it is a clear indication of chemical affinity between the epoxy compatibilizer and polymers in the blends. Figure 7 shows the change of melt flow index (MFI) of PA6/PET 75/25 blend according to epoxy amount. As shown in the figure, MFI value of the blend gradually decreased, that is, the melt viscosity of the blend increased with increasing of epoxy amount. This result also clearly indicates the reactive compatibilizing effect of epoxy in the blend.
Effcet of Epoxy on Melt Viscosity of PA6/PET Blends
Effcet of Epoxy on Mechanical Properties of PA6/ PET Blends
It is well known that the tensile properties of polymer blends are very sensitive to the state of the interface, that is, interfacial adhesion. Figure 8 exhibits change of tensile properties of PA6/PET 75/25 blends according to epoxy content. As PA6 and PET are immiscible, the mechanical properties is very poor. The result of Figure 8 suggests that both tensile strength and elongation at break could be improved by epoxy. This indicates that the interfacial adhesion between PA6 and PET components were definitely improves by chemical reaction of epoxy with PA6 and PET.
Conclusions
The blends of PA6 and PET with a high molecular weight epoxy were successfully prepared through melt compounding. The domain size of PET, the minor component, decreased half in PA6 matrix by addition of epoxy up to 2 phr in amount. The melt viscosity of the blends were found increased and the crystallization of PA6 decreased with increasing of epoxy amount. Tensile properties were also gradually improved proportional to epoxy amount. All the results indicated the reactive compatibilization of epoxy in PA6/PET blends. 
